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ABSTRACT. The chemical composition of curaua (Ananas erectifolius) fibers and their fate after soda-AQ 
pulping has been studied. The lignin composition was analyzed by Py-GC/MS, and the fiber and pulp showed a 
lignin with a S/G ratio of 1.2 and 0.1, respectively, indicating the preferential removal of the S-lignin. The lipids 
were analyzed by GC/MS, and included series of long-chain n-fatty acids, n-fatty alcohols, α- and ω-hydroxy 
fatty acids, monoglycerides, sterols and waxes. Other compounds such as ω-hydroxy monoesters and ω-
hydroxyacyl esters of glycerol were also found in the fibers. The waxes were completely hydrolyzed during 
cooking whereas fatty alcohols, hydroxyfatty acids and sterols remained in the pulp. The content in metals, 
analyzed by ICP-OES and by electronic microscopy scan indicated a high proportion of Zn in the soda-AQ pulp, 
which is probably precipitated with carbohydrates and prevents the further separation of the cellulose fibers. 
 
I. INTRODUCCTION 
Curaua (Ananas erectifolius) is an herbaceous plant native of the Amazonian and member of the bromeliad 
family. In the last decade, it has gained commercial recognition as material for composites for automotive 
industry [1], and is also a potential lignocellulosic material for pulp and paper production. However, cooking 
experiments with curaua fibers failed to produce pulp due to a high agglomeration of the fibers during cooking. 
In order to study the behavior of the curaua fibers during soda-AQ pulping, a thorough chemical 
characterization of the fibers was performed, with especial emphasis in the content and composition of lipophilic 
compounds and the structural characterization of lignin, the two organic fractions that have higher impact during 
papermaking. In general, the efficiency of pulping is directly proportional to the amount of syringyl units in 
lignin [2]. The guaiacyl units are resistant to lignin depolymerization in pulping because have a free C-5 position 
available for carbon-carbon inter-unit bonds. On the other hand, during pulping, lipids are released from the 
fibers forming colloidal pitch, which can deposit in either pulp or machinery causing production troubles [3]. 
The lignin in curaua fibers was characterized using pyrolysis coupled to gas chromatography/mass spectrometry 
(Py-GC/MS), a powerful analytical tool for the rapid analysis of lignocellulosic materials [4]. The chemical 
composition of lipids were analyzed by GC and GC/MS, using short- and medium-length high-temperature 
capillary columns, respectively [5], that enables the analysis of intact high molecular weight lipids. 
 
II. EXPERIMENTAL 
Samples. Curaua fibers, their alkaline pulp and black liquors were supplied by CELESA pulp mill (Tortosa, 
Spain). The dried samples were milled using a knife mill. For the isolation of lipids, the milled samples were 
extracted with acetone in a Soxhlet apparatus for 8 h. The acetone extracts were evaporated to dryness and 
resuspended in chloroform for chromatographic analysis of the lipophilic fraction. For hemicelluloses analysis 
and Klason lignin content estimation, the samples extracted with acetone were subsequently extracted with hot 
water (3 h at 100 ºC). Klason lignin was estimated as the residue after sulfuric acid hydrolysis of the pre-
extracted material, and neutral sugars from polysaccharide hydrolysis were analyzed as alditol acetates by GC 
according to Tappi rules T222 om-88 and T249 om85 [6], respectively. Ash content was estimated as the residue 
after 6 h at 575 ºC. The composition of the metals was analyzed by Inductively Coupled Plasma 
Spectrophotometer (ICP-OES) after oxidation with concentrated HNO3 under pressure in a microwave digestor. 
Finally, the scanning electron microscopy (SEM) was performed in an electronic microscope JEOL JSM-5400. 
GC and GC/MS Analyses. The GC analyses of the extracts were performed in an Agilent 6890N GC system 
using a fused silica capillary column (DB-5HT, 5 m × 0.25 mm I.D., 0.1 μm film thickness). The temperature 
program was started at 100 ºC with a 1-min hold and then raised to a final temperature of 350 ºC at 15 ºC/min, 
and held for 3 min. The injector and flame-ionization detector temperatures were set at 300 and 350 ºC, 
respectively. Helium was used as the carrier gas at a rate of 5 mL/min, and the injection was performed in 
splitless mode. The GC/MS analyses were performed with a Varian model Star 3400 GC equipped with an ion 
trap detector (Varian Saturn 2000) using a 12 m-length capillary column of the same characteristics described 
above. The oven was heated from 120 (1 min) to 380 ºC at 10 ºC/min and held for 5 min. The transfer line was 
kept at 300 ºC. The injector was temperature programmed from 120 (0.1 min) to 380 ºC at a rate of 200 ºC/min 
and held until the end of the analysis. Helium was used as the carrier gas at a rate of 2 mL/min. 
Trimethylsilyldiazomethane methylation and bis(trimethylsilyl)trifluoroacetamide (BSTFA) silylation, in the 
presence of pyridine, were used to produce the appropiate derivatives, when required.  
Py-GC/MS. The pyrolysis of curaua fibers (1 mg) was performed in duplicated with a micro-furnace 
pyrolyzer (Frontier Laboratories Ltd.) directly connected to a GC/MS system Agilent 6890 equipped with a 
fused silica capillary column HP 5MS (30 m × 0.25 mm × 0.25 μm i.d.). The detector consisted of an Agilent 
5973 mass selective detector. The pyrolysis was performed at 500 °C. The final temperature was achieved at a 
rate of 20 °C/min. The GC/MS conditions were as follows: oven temperature was held at 50 °C for 1 min and 
then increased up to 100 °C at 30 °C/min, from 100 to 300 °C at 10 °C/min and isothermal at 300 °C for 10 min 
using a heating rate of 20 °C/min. The carrier gas used was helium with a flow of 1 ml/min.  
 
III. RESULTS AND DISCUSSION 
The curaua fibers are characterized by a low lignin content (4,9% as Klason lignin), similar to other nonwood 
fibers, such as flax and hemp, and lower than kenaf [7,8]. However, the lipid extract (accounting for 5.3%) is 
much higher than other nonwood fibers. On the other hand, the hemicelluloses were mainly constituted by 
xylose (6.0%), with minor amounts of mannose (2.6%), arabinose (2.0%) and galactose (0,2%). The composition 
of the curaua alkaline pulp is characterized by a decrease of the hemicellulose content (xylose, 5.5%; mannose, 
2.6%; arabinose, 3.2%) and the glucan content, mainly corresponding to cellulose, increased from 64.3% to 
73.4%. Finally, the ash content in the curaua fibers (1.3%) and in the pulp (0.6%) are also low. However, a 
detailed analysis of the composition of the different metals in both curaua fibers and pulp revealed a strong 
increase in the Zn and Cu contents in the pulp (Table 1). Moreover, the analysis of curaua pulp by SEM showed 
that the Zn is concentrated in the most agglomerated zones of the pulp, probably by co-precipitation with 
carbohydrates (Figure 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. SEM-images. Image of curaua pulp (A), image of  zinc distributed on 
the surfaces of curaua pulp (B). 
 
 
The lignin in the curaua fibers and pulp were analyzed in situ by Py-GC/MS. The Py-GC/MS of the curaua 
fibers released predominantly compounds arising from carbohydrates (88%) and minor amounts of lignin 
derived phenols (12%). The lignin-derived phenols arise from guaiacyl (G), syringyl (S) and p-hydroxyphenyl 
(H) lignin units, with a predominance of the S units (H:G:S were 28:33:39, S/G molar ratio of 1.2). The main 
lignin-derived compounds identified were 4-vinylphenol, 4-vinylguaiacol, 4-vinylsyringol, 4-ethylsyringol, 
syringol, and 4-methylphenol. Syringaldehyde, syringylacetone and trans-sinapaldehyde were also identified. 
The analysis of the residual lignin in the curaua pulp was performed by monitoring the characteristic fragment 
ions and showed a strong decrease in the S/G ratio after cooking (S/G of 0.1) due to the preferential degradation 
of S-lignin units versus G-units, because the S-lignin is relatively unbranched and has a lower condensation 
degree than the G lignin (9,10).  
The lipophilic composition was analyzed by GC/MS. The chromatogram of curaua lipids extracts, as well as 
the chromatograms of the lipids in pulp and black liquor, are shown in Figure 2, and the abundances of the main 
lipid classes are summarized in Table 2. The most predominant lipid classes in curaua fibers were series of n-
fatty acids, n-fatty alcohols, α- and ω-hydroxyfatty acids, monoglycerides, sterols and waxes. 
metals fibers pulp 
Al 86 67 
Ca 2025 6515 
Cu 2 192 
Fe 82 189 
K 2770 20 
Mg 945 1240 
Mn 120 94 
Na 95 540 
P 70 80 
Pb 5 3 
S 359 241 
Zn 4 202 
Table 1. Abundance of metals in 
curaua fibers and their soda–AQ 
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Fig 2. Chromatograms (as methyl ester and TMS ether derivatives) of the lipid extracts from curaua fibers, their alkaline pulp 
and black liquor. F(n),  n-fatty acids; Al(n), fatty alcohols; W(n), waxes; αOH(n) and ωOH(n), α- and ω-hydroxyfatty acids; M(n), 
monoglycerides; ωOHM(n), ω-hydroxyacyl esters of glycerol; SG, sitosteryl 3β-D-glucopyranoside; CG, campesteryl 3β-D-
glucopyranoside; *, phthalate; n denotes the total carbon atom number. 
 
 
 
 
Table 2. Composition of lipids (mg/Kg ) from curaua fibers and 
their alkaline pulp and (mg/L) from black liquor. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Compounds fibers pulp black liquor 
steroid hydrocarbons 119.4 51.6 38.8 
fatty acids 813.2 249.3 0.0 
ω-hydroxyfatty acids 1423.3 621.8 0.0 
α-hydroxyfatty acids 226.5 0.0 0.0 
fatty alcohols 552.4 361.7 666.2 
sterols 618.7 191.7 458.5 
α-tocopherol 31.4 4.8 5.9 
steroid ketones 57.9 33.7 25.4 
sterol esters 89.4 0.0 0.0 
steryl glycosides 264.9 0.0 0.0 
waxes 203.9 6.0 0.0 
ω-hydroxy monoesters 369.5 0.0 0.0 
monoglycerides 714.6 0.0 0.0 
ω-hydroxyacyl esters of glycerol  960.8 0.0 0.0 
5 10 15 20 25
Retention time (minutes)
Al20
Al22
Al23
Al24
Al25
Al26
Al27
Al28
Sitosterol
Campesterol
*
Al22
Al22
Al24
Al24
αOH20
+
Talate
αOH22
ωOH22
αOH24
αOH25
ωOH24
αOH26
Sitosterol
M24
M26 M28
Sitosteryl ester
Campesteryl ester
ωOHM24
ωOHM26
ωOHM28
SG
CG
ωOH16
Al20
ωOH18
ωOH22
Al26
ωOH24
Sitosterol
ω40
ω38F16:1
F16
F18:2 
+F18:1
F18
F20
Curaua fibers
Curaua pulp
Black liquor
F18
F18:1
Other compounds found in the curaua fibers consisted of a complex mixture of hydroxy monoesters that 
consist of different long-chain ω-hydroxyfatty acids esterified to different long-chain fatty alcohols. The mass 
spectra of hydroxy monoesters is characterized by the dominant [M-15]+ ion and the ion formed by the loss of 
the fatty alcohol. The elimination of trimethylsilanol (TMSOH) from the molecular ions also can be observed 
[11]. Compounds such ω-hydroxy acylesters of glycerol were also found. The mass spectra of the TMS 
derivative of ω-hydroxy acylesters of glycerol is characterized by the presence of [M-15]+ ion. The cleavage 
between the C-2 and C-3 carbons in the glyceryl moiety gives rise to the m/z 103 and [M-103]+. Other diagnostic 
ions are derived from the glyceryl moiety- i.e. at m/z 205 as a result of the cleavage between the C-2 and C-1 
(the esterified carbon), and at m/z 219 due to the loss of the acyloxy moiety. Other ions in the low-mass region 
occur at m/z 73 (the TMS group), m/z 129 ([H2C=CH−CH=O+−Si(CH3)3]) and m/z 147 (produced by the 
rearrangement of two TMS groups) [12].  
Despite the high content on lipids in the curarua fibers (5.3%), the lipid content in the pulp is low (0.3%). 
The main differences in the lipid composition (Figure 1, Table 2) concerned the amount of waxes, which 
showed a strong decrease in the pulp and black liquor due to the extensive hydrolysis of wax esters during 
alkaline cooking. The fatty acid content also decrease after cooking and fatty alcohols, hydroxyfatty acids and 
sterols remained in the pulp. These compounds have a very low solubility in water and are difficult to remove 
and, therefore, can cause pitch problems. However, these compounds alone do not seem to be the responsible for 
the agglomeration of the cellulose fibers after cooking.  
 
 
IV. CONCLUSIONS 
The present work has shown the composition of the curaua fibers and its fate during soda-AQ cooking. The 
study of the chemical composition of curaua fibers shows that the polysaccharides and lignin contents encourage 
the use of this species as a suitable source of cellulose pulp. However, the high lipophilic content found was 
considered as a detrimental aspect, although they are not implicated in the agglomeration of the cellulose fibers 
after soda-AQ pulping. This agglomeration is probably due to co-precipitation of carbohydrates with Zn, and 
prevents the normal progress of pulping. 
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